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network, the maximum transmission rate may be broadcast 
as a maximum user bit rate, in the form of a minimum 
Spreading factor. This information may be broadcast at each 
frame, so that it is taken into account by a user equipment 
for uplink transmission in the next frame. The invention also 
proposes processes for controlling access of the user equip 
ment to the resources. These processes limit the number of 
users that may access the resources at a given time, or limit 
the throughput of the user equipment at the time the user 
equipment accesses the resource. 
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PROCESS FOR CONTROLLING UPLINK 
PACKET TRANSMISSION IN A WIRELESS 

COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of wireless 
communication, and more Specifically relates to uplink 
transmission in a packet Service wireleSS communication 
System. 

Packet Services in a wireleSS communication network 
have a very bursty source of traffic. They need to have a very 
fast access to radio resources and transmit with a high bit 
rate. For packet Services, Since the traffic is bursty and the 
radio resource limited, allocating resources to the different 
users on a permanent basis is hardly feasible. Thus, at any 
given time, the network usually needs to control multiplex 
ing of all packet users, in order to avoid overload situations, 
overload may occur if too many users become active at the 
Same time with a high transmission rate. The problem is 
especially critical for uplink transmission in packet Service, 
becauSe users transmit in an uncoordinated way, according 
to their traffic Source behaviour. 

This problem is for instance discussed in EP-A-0877 512 
in the case of a CDMA (code division multiple access) based 
mobile communication System. The Solution proposed in 
this document is to broadcast mobile acceSS control infor 
mation from the base station to the mobile stations. Mobile 
Stations then transmit packet to the base Station according to 
the timing information defined in the broadcast mobile 
access control information. 

This solution is difficult to carry out for high bit rate 
communications, indeed, the base Station has to manage the 
timing of all mobile Stations, which is time consuming. In 
addition, broadcasting the proposed mobile acceSS control 
information will also use part of the available radio resource. 
WO-A-97 19525 discusses a TDMA (time division mul 

tiple access) system, according to the GSM/GPRS specifi 
cation. This document discusses the use of control algo 
rithms to modify access probabilities. One prior art Solution 
discussed in this document is that the base Station broadcasts 
a value p, and that any ready user transmits with a prob 
ability p during any available access burst period. In order 
to provide different grades of Services to different classes of 
users, this documents Suggests broadcasting different prob 
abilities for different groups of users. Any user may select 
the timing of its transmission based on the broadcast prob 
ability for his group. Alternatively, acceSS may be allowed or 
not in a given allowed burst period according to the com 
parison of a random number to the broadcast probability. 

This document does not discuss CDMA-type systems, 
and does not Suggest the use of a similar proceSS for 
accessing different resources. 
The problem of access to the radio resource, especially for 

uplink transmission was also discussed for UMTS specifi 
cation (Universal Mobile Telephone Service). UMTS 
YY.03, description of UE states and procedures in connected 
mode, version 0.4.0, Tdoc SMG2 UMTS L23 61/99 Sug 
gests allocating dedicated channels (or DCH) to packet user, 
and allowing the users to transmit when they wish to. The 
UTRAN (UMTS Radio Access Network) may control trans 
mission bit rate of each individual UE (User Equipment) on 
a slow rate basis through a RRC (Radio Resource Control) 
procedure. This Solution results in a Sub-optimal usage of 
radio resources and extra delay at each transmission, 
because resource allocation is controlled on a too slow basis. 
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2 
Indeed, the time necessary for Sending a message from the 
UTRAN to the UE may reach 200 ms. Collisions can not be 
avoided and this may lead to a large retransmission over 
head. This scheme will probably prevent packet users from 
transmitting at high bit rate. 

Another Solution for UMTS is discussed in Benefits of 
the uplink shared channel USCH, Tcloc SMG2 UMTS L23 
47/99, Motorola. According to this scheme, users are allo 
cated a DCH but a fast Signalling message in downlink 
indicates them what bit rate to use at every frame. This 
Solution requires too much Signalling overhead, especially 
for a CDMA System which does not require explicit assign 
ment of physical resources. 

Performance of a joint CDMA/PRMA protocol for mixed 
Voice/data transmission for third generation mobile 
communication, A. E. Brand, A. H. Aghvami, IEEE Journal 
on Selected areas in communications, Vol.14, No9, Decem 
ber 1996 Suggest an uplink protocol for mobile communi 
cation Systems. According to this protocol, a permission 
probabilities are Sent on each downlink packet, for different 
slots of the next frame. Permission probability for a slot in 
a given frame is Set according to the periodic load in the 
Same Slot of the previous frame. 

This Solution discusses Simultaneous periodic and random 
loads, and Suggests Setting permission probabilities accord 
ing to periodic load only. It is therefore not adapted to 
controlling packet Service uplink transmission. 

SUMMARY OF THE INVENTION 

The invention provides a Solution to contention of user 
equipment or mobiles Stations for packet Service uplink 
transmission in a CDMA wireleSS communication network. 
It provides a simple and efficient Solution for lowering 
interference, and for optimising use of the radio resource. 
More specifically, the invention provides a process for 

Sharing radio resources between user equipments on the 
uplink of a packet Service wireleSS communication System, 
comprising: 

in the network, computing a maximum transmission rate 
for user equipments, and broadcasting this maximum 
transmission rate to user equipments, 

in a user equipment, transmitting with a transmission rate 
lower that the last received broadcast maximum trans 
mission rate. 

Preferably, the maximum transmission rate is broadcast 
every frame. 

In one embodiment of the invention, the maximum trans 
mission rate is identical for all user equipments. 

In another embodiment of the invention, the maximum 
transmission rate is class dependent. 
The proceSS may also comprise: 
in the network, computing a probability for user 

equipments, and broadcasting this probability to user 
equipments, 

in a user equipment, transmitting only if a random value 
is lower than the last received broadcast probability. 

Preferably, the proceSS comprises: 
in the network, computing a probability for user 

equipments, and broadcasting this probability to user 
equipments, 

in a user equipment, if the requested transmission rate is 
lower than the broadcast transmission rate, computing 
a user probability higher than the last received broad 
cast probability, as a function of the last received 
broadcast probability, of the last received broadcast 
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maximum transmission rate and of the transmission 
rate required by the user equipment, and transmitting 
only if a random value is lower than the last computer 
user probability. 

In one embodiment of the invention, the probability is 
broadcast every frame. 

In another embodiment of the invention, the probability is 
identical for all user equipments. 

In yet another embodiment, the probability is class depen 
dent. 

Preferably, the Step of transmitting is carried out for a 
validity time period after it is determined that the random 
value is lower than the last received broadcast probability. 

In another embodiment, a user equipment is not allowed 
to transmit for a retry time period after it is determined that 
the random value is not lower than the last received broad 
cast probability. 

In one embodiment of the invention, the Step of transmit 
ting is started at a first transmission rate for a time period, 
and is continued at a Second transmission rate after the lapse 
of Said time period. 

In this case, the maximum transmission rate may be 
broadcast to user equipments transmitting at Said first trans 
mission rate. 

It is also possible for the maximum transmission rate to be 
broadcast only when it is computed anew. 

The invention also provides a wireleSS communication 
System carrying out this process, and a user equipment 
carrying out the user Side Steps of the process. 

BRIEF DESCRIPTION OF THE DRAWING 

A wireleSS communication System embodying the inven 
tion will now be described, by way of non-limiting example, 
and in reference to the accompanying drawings, where: 

FIG. 1 is a flowchart of the procedure in the UTRAN 
according to a first embodiment of the invention; 

FIG. 2 is a flowchart of the procedure in the UE according 
to the first embodiment of the invention; 

FIG. 3 is a representation of the timing of the packet 
admission control according to the first embodiment of the 
invention; 

FIG. 4 is a flow diagram between UTRAN and UE 
according to the first embodiment of the invention; 

FIG. 5 is a graph of a possible probability function; 
FIG. 6 is a flowchart of the procedure in the UTRAN 

according to a Second embodiment of the invention; 
FIG. 7 is a flowchart of the procedure in the UE according 

to the second embodiment of the invention; 
FIG. 8 is a flow diagram between UTRAN and UE 

according to the Second embodiment of the invention; 
FIG. 9 is a representation of the timing of the packet 

admission control according to the Second embodiment of 
the invention; 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention Suggests broadcasting a maximum bit rate 
to the different user equipments, So that user equipments 
may adapt if necessary their bit rate for transmission in the 
next frame. This allows optimised sharing of the radio 
resource between the different user equipments. 

Contrary to the prior art Solutions, in which interference 
is limited by limiting the number of transmitting user 
equipments-be it on a Statistical basis or on an individual 
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4 
basis-the invention Suggests limiting the bit rate of the 
users, in other words, instead of limiting the number of users 
for avoiding interference, the invention Suggests limiting the 
user of available radio resource by each of the active user 
equipments. 

In addition the invention Suggests various processes for 
controlling access of user equipments to the radio resource. 
These processes optimise use of the resource on a frame 
basis, without adding too much signalling overhead. Con 
trolling access to radio resource ensures that Sufficient time 
is given to the network to adapt the broadcast bit rate So as 
to take into account new users. In the first embodiment of the 
invention, this is done on a Statistical basis, So that the 
number of new UES appearing at a given time is known in 
advance. In the Second embodiment of the invention, this is 
done by limiting the transmission rate of UES at the begin 
ning of a transmission, So that the resource grabbed by new 
users is actually limited. 

The invention notably applies to UMTS and is described 
in the rest of the present specification with reference to this 
type of wireleSS communication network. It should however 
be understood that the invention is not limited to this 
preferred embodiment, and applies to other types of CDMA 
packet Service wireleSS communication System, or more 
generally to transmission Systems where a limited resource 
has to be shared among users. The invention applies par 
ticularly to packet Service, where the Source of traffic is 
bursty. 
UMTS is a CDMA system; as known to the person skilled 

in the art, is Such a System, a spreading factor SF is defined 
as the ratio W/R of the chip rate W to the transmission rate 
R of coded signal. Each UE in UMTS is allocated a number 
of possible codes having different spreading factors. In 
addition each UE is provided with a user-specific Scrambling 
factor, which is combined to one of the codes for transmis 
Sion. Transmission rate of a given UE is controlled by 
Selecting the spreading factor used at a given time, the 
higher the spreading factor, the lower the transmission rate. 

FIGS. 1 to 5 disclose a first embodiment of the invention. 
In this embodiment, maximum transmission rate is broad 
cast to the different UE, in addition, access to the resource 
is controlled on a Statistical basis. In the preferred embodi 
ment of these figures, transmission rate is broadcast at every 
frame, So as to be taken into account for the next frame. 

FIG. 1 is a flowchart of the procedure in the UTRAN in 
a first embodiment of the invention. This procedure may be 
carried out in the base station or Node B in the UMTS 
Specification; it may also be carried out in the base Station 
controller or RNC (Radio Network Controller) in UMTS. 
At step 1, a transmission rate SF, allocated to packet 

users is computed, based on interference level in the previ 
ous frames. This transmission rate is normally calculated 
taking into account the transmission rate for other types of 
Services, Such as voice Service, if any, and the resource that 
may be requested by new users. The transmission rate 
SF, is computed in a way known per se. 
AS discussed above, access of the different UES to the 

radio resource may also be controlled. This is not a require 
ment for carrying out the broadcast of the transmission rate 
according to the invention; however, controlling access to 
the radio resource makes it easier for the network to compute 
SF, for the next frame; in other words, controlling 
access to the resource makes it possible to allow a higher 
SF, to active users. Any Solution known perse may be 
used for controlling access of the UES to the resource. In the 
present embodiment, the invention proposes a new Scheme 
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for acceSS control; the invention Suggests broadcasting on 
access probability p, and letting the UES determine whether 
they may access the resource or not according to this 
probability. FIG. 5 shows a graph of a possible function for 
comptuign p, according to the interference level. 
AS discussed in relation to FIG.2, when a UE accesses the 

resource, it is allowed to continue transmitting for a period 
of Tin; it is therefore preferable to compute the inter 
ference level 1 on the last T period, for the compu 
tation of SF and p, packet 

At the end of step one, the UTRAN has computed SF 
and p. The process then passes to Step 2. 

validity 

acket 

In Step 2, a maximum transmission rate SF, for the UES 
is computed, based on the total allocated transmission rate 
SF, and on the number of active users; one Solution may 
consist in Sharing uniformly the resource between all active 
users. If the transmission rate allocated to packet users is 
SF, the transmission rate broadcast to the UEs may be 
computed as: 

packei 

In this formula, “active users” is the number of active 
users; it may simply be the number of active users in the 
previous frame, that is the number of UES using the resource 
for uplink transmission of packets. The number of active 
users may be computed with a more elaborate Solution, e.g. 
if a UE is allowed to continue transmitting for a period of 
Ti, need not be taken into account for the computation 
of users. In other words, a UE active in the previous frame, 
but which has been active for a period of Ti, need not 
be taken into account in the number of active users for the 
next frame. 

It is also possible to use a different Scheme for Sharing the 
total transmission rate SF, for instance, the transmis 
Sion rate could be shared according to the location of the 
UES, according to their class if classes are defined, etc. 
At the end of step 2, the UTRAN has computed a UE 

maximum transmission rate SF. The process then passes 
to step 3. 

In Step 3, the maximum transmission rate is broadcast to 
the UEs. This may be done in UMTS over a Broadcast 
Channel, or over a Fast Signalling Channel. The broadcast 
information should be sent to the different UES as fast as 
possible, so that it may be taken into account by the UE for 
the next frame. The transmission rate is preferably broadcast 
to the UEs in every frame. 
At the same time, acceSS control information, Such as the 

access probability p, may be broadcast to the UE; in 
addition, information Such as timing information for the 
transmission by UE may be broadcast. For instance, the 
periods Tatia, T, and T. discussed below may be 
broadcast at the same time as SF. This information need 
not necessarily be broadcast at each frame, or on the same 
timing basis as the SF, and p, information. 

After Step 3, the proceSS passes to Step 4, where the 
UTRAN waits for 10 ms before the process again passes to 
Step 1. 

Thus, the UTRAN broadcasts, preferably on a frame 
basis, the maximum transmission rate allowed to each UE. 

FIG. 2 is a flowchart of the procedure in the UE according 
to the first embodiment of the invention; it shows that the 
UE, for an uplink transmission, adapts its transmission rate 
according to the maximum transmission rate SF, received 
from the UTRAN. FIG. 2 also discloses the access resource 
control according to the first embodiment of the invention. 
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6 
Access to the radio resource according to the first embodi 

ment of the invention depends on the broadcast probability 
p. More specifically, when a UE wishes to access the radio 
resource, it compares a random number to the broadcast 
probability. Resource may only be accessed when the ran 
dom number is less than the broadcast probability. In other 
words, permission to transmit depends Statistically on the 
broadcast probability p. 

In addition, the invention propose the following timing 
rules: 

transmission may continue for a time period of Tait, 
after permission is granted; thus, permission does not 
have to be requested at each and every frame; 

when permission is refused, the UE waits for a period of 
time of T before requesting again access to the retry 

reSOurce, 

when no activity occurs during a period of T, the 
dedicated channel is released. 

Tin, and T are set by the UTRAN; they may be set 
on a permanent basis, in which case they do not need to be 
broadcast. They could also be adapted by the network in 
relation to the activity Statistics of real time Services. This 
allows the network to maintain priority for real time Ser 
vices. These parameters, as well as T may also be adapted 
according to the packet Service activities. 
At Step 10, the UE is at the beginning of a call, or has to 

Sent a packet after a long period, that is after a period longer 
than T has elapsed. In other words, the UE is not allocated 
any transmission channel; a radio-bearer Set-up procedure is 
carried out in step 10, so as to provide the UE with an 
indication of the resource it may try to access. In packet 
Service, this resource is not allocated to the UE on a 
permanent basis, and permission to transmit is controlled as 
discussed above. In UMTS, the result of a successful attempt 
in step 10 is that the UE is provided with a DPCCH 
(Dedicated Physical Control Channel). 
At step 11, the UE updates the values of p, and SF 

broadcast by the network. According to the value of SF, 
the UE selects a transmission rate; for a CDMA system, this 
amounts to Selecting a spreading factor among the Spreading 
factors that are allowed to the UE. In UMTS, a TFC 
(Transport Format Combination) is selected. The selected 
transmission rate SF may be lower than the one allowed 
in the broadcast information. The user bit rate may indeed be 
limited by transmitter power or the UE may have a small 
amount of data to transmit, thus not requiring the maximum 
allowed bit rate. 

In addition, the UE computes a random number p, which 
is used for determining whether permission to transmit is 
granted. This random number is compared to the received p, 
to determine if transmission may occur. In a preferred 
embodiment, a UE may be granted permission to transmit 
more easily if the transmission rate SF, it intends to use 
is lower that the broadcast transmission rate SF: in this 
case, the UE computes a probability p, Starting from p, 
SF, and SF. The formula for the computation may be: 

oil 

r 

P ownPSFmin SF 

The UE then determine whether it may transmit. For this 
the random probability p is compared to the broadcast 
probability p, or to the computed pe. If p is less than p, 
or where applicable less than p, the UE is allowed to 
transmit, and the process passes to Step 12. If this is not the 
case, the UE is not allowed to transmit, and the process 
passes to Step 13. 
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In step 13, the UE has a DPCCH, but was not allowed to 
transmit; because of the Statistical contention; as discussed 
above, the UE waits for a period of T. before trying again 
to access the resource. The process thus passes again to Step 
11 after a period of T has elapsed. During this period, 
access to the physical resource remains possible, due to the 
fact that the UE still transmits on the DPCCH, with the 
lowest possible transmission rate. 

In step 12, the UE is allowed to transmit. A variable N for 
counting the period of T is set to 0. The process then 
passes to Step 14. 
At step 14, the variable N is increased of one. The process 

then passes to Step 15. 
At step 15, it is determined whether the period T has 

elapsed. If this is the case, the UE should determine again 
whether it is authorised to transmit. The process thus passes 
again to step 11. If T has not elapsed, the process 
passes to Step 16. 

In step 16, the UE has determined that it was allowed to 
transmit, and has transmitted for a duration less than Tin. 
It is then determined whether the transmission buffer is 
empty or not. If the transmission buffer is empty, the proceSS 
passes to Step 17. Else, the process passes to Step 18. 

In step 18, the UE prepares a frame for transmission. The 
information in this frame is sent at rate of SF, on the op 

DPDCH (Dedicated Physical Data Channel); SF, is 
updated every time the UE received the broadcast maximum 
transmission rate SF, from the network; the frame also 
contains signalling for the DPCCH, at the lowest possible 
transmission rate. Once the frame is ready, the proceSS 
passes to step 19. 

In step 17, the transmission buffer is empty. The process 
then counts the number of frames during which the trans 
mission buffer remains empty. While this number is less than 
the time period T, the process prepares for every frame 
signalling for the DPCCH, at the lowest possible speed, see 
Step 20. Else, once the transmission buffer remains empty for 
a period of time of more than T, the UE Stops Signalling 
on the DPCCH, so that the resource is released, step 21. 
At step 21, the process goes back to step 10, where the UE 

waits for the beginning of a call, or for a new packet. 
After Step 20, where a signalling frame is prepared, the 

process passes to Step 19. 
At step 19, the frame prepared in step 18 or 20 is sent. 
During the entire process, the UE receives at every frame 

the transmission rate information Sent by the network. 
FIG. 2 thus shows that the UE adapts its transmission rate 

according to the broadcast maximum rate. It also shows the 
contention mechanism used in the first embodiment of the 
invention for Statistically controlling access to the resource. 

FIG. 3 is a representation of the timing of the packet 
admission control according to the first embodiment of the 
invention; the top of FIG. 3 shows the frame timing in the 
network; as discussed in reference to FIG. 1, the network 
broadcasts every frame the SF, and pinformation, on the 
BCH, the ACCH (Associated Control Channel) or the FACH 
(Forward Access Control Channel). The bottom of FIG. 3 
shows activity in the UE; in the example, Tin corre 
sponds to 5 frames, and T to 2 frames. On FIG. 5, the UE 
starts transmitting in the second frame, on the DPCCH and 
on the DPDCH, for a period of Tin. The second attempt 
to transmit fails, so that the UE remains silent for a time 

validity 

validity 

period of T. The third attempts is again Successful, so 
that the UE again transmits for a period of Tin-which 
is not completely represented on the figure. 

FIG. 4 is a flow diagram between UTRAN and UE 
according to the first embodiment of the invention; the figure 
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8 
shows the first packet arrival 31 on the UE. The UE, as 
discussed in step 10 of FIG. 2, sends a set-up request 32 on 
the RACH (Random Access Channel); the network then 
Starts the radio-bearer Set-up process. 
The network then sends back to the UE a packet infor 

mation at 33 on the BCH or on a fast signalling channel, for 
indicating the DPCCH and DPDCH to be used by the UE. 
At 34, the UE then determines whether it is allowed to 

transmit, and if this is the case, transmits on the dedicated 
channel, as shown in 35. 

Every frame, the network computes and broadcasts the 
maximum transmission rate SF, and the probability p, 
See 36 and 37. According to the maximum transmission rate 
allowed by the network, the UE adapts its transmission rate, 
See 38 on FIG. 4. 

FIG. 4 thus summarises the process of the invention. 
FIG. 5 is a graph of a possible probability function, which 

may be used according to the invention for the computation 
of p. The vertical axis show the probability p, and the 
horizontal axis shows level of interference I for the previ 
ous frames, or, the total power level 1 received on the 
uplink. In the example, the probability varies linearly, with 
two thresholds P, and P., which correspond to levels Land 
L. The probability decreases when the interference 
increases; the decrease dp/dl., is slow in a first region where 
the level is low, up to a value of interference level of L; the 
decrease dp/dl is then higher when the level increases, as 
the resources is more and more used. 
The following figures have proved efficient in a Simula 

tion; values for L assume a noise level of -132 dBW. 

L1: -126 dBW 
L2: -122 dBW 
P: 0.3 
P: O 

Faily an retry acS 
Tour: 50 frames 

The System simulations carried out with these figures 
have shown that interference level is kept under a threshold 
of -96 dBm (6 dB above noise level), while allowing 
uncoordinated transmission for packet users. In the 
Simulation, there were 15 packet users, the transmission of 
whom corresponded to a web session, as disclosed in ETSI 
UMTS 30.03, Selection procedures for the choice of radio 
transmission technologies of the UMTS. 
The first embodiment of the invention disclosed above 

mainly requires a fast Signalling channel for broadcasting 
UTRAN information to packet users, preferably on a frame 
basis. The amount of information depends on the number of 
user classes-if user classes are provided-but may in all 
cases remain quite Small. The transmission probability p, 
may be quantified on 4 bits, and the maximum transmission 
rate or minimum spreading factor SF may be quantified 
on 4 bits; in addition, the transmission validity Tin may 
be quantified on 6 bit. This leads to around 8 bits per user 
class and per frame for broadcasting p, and SF, for 
frames where Tait or T are broadcast, around 20 bits 
may be necessary. 

This information may be transported on the BCCH, on the 
ACCH (Associated Control Channel defined for the DSCH) 
or even on the FACH. If the ACCH is already used for 
DLTPC bits, it might be convenient to put the DUPAC 
(Dynamic Uplink Packet Admission Control) signalling 
information on the same logical and transport channels in 
order to reduce multicode reception requirements. 

retry 



US 6,661,777 B1 

Otherwise, this may be transported on the BCCH, provided 
this channel has a Sufficient payload and can be received 
during data transmission. 

The complete transmission procedure on the radio inter 
face could then be specified, as part of a MAC/RRC 
(Medium Access Control/Radio Resource Control) protocol. 
On the UE Side, Specific requirements may be specified for 
the transmission of packet data according to the proposed 
Scheme. The UE is using a DCH in a particular manner and 
this may need to be defined as a specific transport channel. 

The solution of the invention provides a very flexible 
control mechanism for packet transmission in uplink 
direction, without too much signalling overhead. Compared 
to prior art Solutions, this Scheme provides better control 
than the pure DCH allocation option, and equivalent flex 
ibility in control than the USCH, but with much less 
Signalling overhead. 
A Second embodiment of the invention is now discussed. 

In this embodiment, as in the first embodiment of the 
invention, the maximum transmission rate is broadcast. 
However, a different proceSS is used for controlling access to 
the resource. Instead of using a probability control, the 
Second embodiment proposes that the UE Starts transmitting 
at a low transmission rate SF, during a time period T. 
This time period may be used by the network to change the 
maximum transmission rate, in order to take into account 
new active users. After the time period of T, the UE 
transmits at the allowed transmission rate SF. AS in the 
first embodiment, the UE releases the resource when it is not 
used for a time period of T. 

In other words, the second embodiment of the invention 
provides a different computation of the total available trans 
mission rate SF. The solution of the first embodiment 
for sharing this transmission rate between the different 
active users applies Similarly in the Second embodiment. 

FIG. 6 is a flowchart of the procedure in the UTRAN 
according to a Second embodiment of the invention; this 
procedure may be carried out in the base station or Node B 
in the UMTS specification; it may also be carried out in the 
base station controller or RNC (Radio Network Controller) 
in UMTS. As for the first embodiment, set-up of the call, that 
is allocation of a given DPDCH and DPCH is not discussed 
in FIG. 6. 
At Step 41, a complete frame is received from a new user. 

The process passes to Step 42. 
At Step 42, the received power is averaged over the last 

frame, So as to compute an estimate of the level of interfer 
ence. The process passes to Step 43. 
At step 43, based on the number of active user which 

just increased-the network computes a maximum trans 
mission rate SF, for each user. AS above, one simple way 
to do this is to share uniformly the possible transmission rate 
among all active users. This can be done by Selecting SF, 
So that the following formula is as close as possible to 
othreshold 

where 

It is the averaged interference level determined in Step 42, 
Pr is the power received from a UE within the cell, 

averaged over the last received frame; 
It is the maximum level of interference that may 

be accepted in the System. 
It is also possible to use a different Scheme for Sharing the 

total transmission rate: for instance, the transmission rate 
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could be shared according to the location of the UES, 
according to their class if classes are defined, etc. 
Once the new SF, is computed, the process passes to 

step 44. 
In Step 44, the new SF, is broadcast over to the user 

equipments. This may be done as in the first embodiment of 
the invention. 
At the same time, access information may be broadcast, 

and for instance the time period T during which the UE 
transmits with a low transmission rate, the transmission rate 
SF, used during this time period, or the time period T. 
after which the resource is released when there is no 
transmission from the UE. This information need not nec 
essarily be broadcast at each frame, or on the same timing 
basis as SF. 

After Step 44, the process passes to back to Step 41, and 
the UTRAN awaits that a new user appears. 

Thus, the UTRAN broadcasts, preferably every time it 
changes, or on a frame basis, the maximum transmission rate 
allowed to each UE. 

FIG. 7 is a flowchart of the procedure in the UE according 
to the second embodiment of the invention; it shows that the 
UE, for an uplink transmission, Starts transmitting at a 
limited transmission rate SF for a duration Ti, before 
transmitting at the broadcast transmission rate. This allows 
the network to adapt the maximum transmission rate SF, 
according to the number of active users, in order to take into 
account the new users. This duration may also be user-class 
dependent. 
AS in the first embodiment, the resource is released when 

the UE does not transmit for a time period T. 
At step 50, the UE is at the beginning of a call, or has to 

Sent a packet after a long period, that is after a period longer 
than T has elapsed. In other words, the UE is not allocated 
any transmission channel; a radio-bearer Set-up procedure is 
carried out in step 50, so as to provide the UE with an 
indication of the resource it may try to access. In UMTS, the 
result of a successful attempt in step 50 is that the UE is 
provided with a DPCCH (Dedicated Physical Control 
Channel). 
At step 51, the UE sets up a count variable N for counting 

the time T. A variable Silence is set at a logical False 
value. The process then passes to Step 42. 

In Step 52, N is increased by one. The process then passes 
to step 53. 

In step 53, it is checked whether Nequals or is higher than 
T. If this is the case, the process passes to step 54; else, 
it passes to step 55. 

In step 55, it is ascertained that the UE started transmitting 
less than Tiago. Transmission should therefore continue at 
the first transmission rate SF. The TFC on the DPDCH is 
Set So as to respect the limit of SF, for the transmission 
rate; in addition, Signalling occurs at a low transmission rate 
on the DPCCH. The frame is prepared for transmission, and 
the proceSS passes to Step 56. 

In step 56, the frame prepared in step 55 is transmitted. 
The process then passes to Step 52. 

This loop corresponds to the transmission of the first 
frames, at a transmission rate of SF, for a duration of T. 

In Step 54, it is ascertained that the duration T has 
elapsed. TFC on the DPDCH is set so as to respect the limit 
of SF, for the transmission rate; in addition, Signalling 
occurs at a low transmission rate on the DPCCH. The frame 
is prepared for transmission, and the process passes to Step 
57. 

In step 57, the frame prepared in step 54 or 62 is 
transmitted. The process then passes to step 58. 
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In step 58, it is determined whether the transmission 
buffer is empty or not. If this is not the case, the proceSS 
passes to step 59, else, it passes to step 60 

In step 59, it is checked whether the Silence variable is at 
a True logical level; if this is the case, a new packet has 
arrived in the buffer, and transmission should start again at 
T. The process passes again to step 51. If the Silence 
variable is a false level, the same packet is being Sent, and 
the process passes to Step 54, where a new frame is prepared 

In step 60, it is determined that the buffer is empty, so that 
the packet is finished. While this number is less than the time 
period T, the process prepares for every frame Signalling 
for the DPCCH, at the lowest possible speed, see step 62. 
Else, once the transmission buffer remains empty for a 
period of time of more than T, the UE Stops signalling on 
the DPCCH, so that the resource is released, step 61. 
At step 61, the process goes back to step 50, where the UE 

waits for the beginning of a call, or for a new packet. 
After Step 62, where a signalling frame is prepared, the 

process passes to Step 57. 
FIG. 7 assumes that the number of frames to send at least 

corresponds to the duration T. Since SF, is normally low 
enough that the new user transmitting at SF does not 
create too much interference, this assumption is likely to be 
fulfilled. FIG. 7 does not show the timing of frames; it is 
clear that the UE waits for the duration of a frame before 
Sending a new frame. 

FIG. 7 shows that the UE starts transmitting a packet at 
SF, for a duration T, and then transmits the rest of the 
packet at the broadcast transmission rate; this is the case for 
any new packet. In addition, when no frame is transmitted 
for a duration of T, the resource is released. During all the 
process, the UE receives at every frame the transmission rate 
information sent by the network. 

FIG. 8 is a representation of the timing of the packet 
admission control according to the Second embodiment of 
the invention; the top of FIG. 3 shows the frame timing in 
the RNC, where calculation of SF, is taking place. The 
middle of FIG. 8 shows the Node B, where frames from new 
users are received; each time it receives frame from a new 
user at the transmission rate T, the Node B requests a 
computation of the maximum transmission rate from the 
RNC. When it receives the new transmission rate, the Node 
B broadcasts it to the user equipments; this information may 
be broadcast on the BCH, the ACCH or the FACH. The 
bottom of FIG. 8 shows activity in the UE; in the example, 
T corresponds to 5 frames. On FIG. 5, the UE starts 
transmitting in the second frame, on the DPCCH and on the 
DPDCH at SF, for a period of T. It then transmits at 
SF, for three frames. The UE is then silent for two frames; 
after these two frames, the UE Starts again transmitting a 
new packet at SF. 

FIG. 9 is a flow diagram between UTRAN and UE 
according to the first embodiment of the invention; the figure 
shows the first packet arrival 71 on the UE. The UE, as 
discussed in step 50 of FIG. 7, sends a set-up request 72 on 
the RACH (Random Access Channel); the network then 
Starts the radio-bearer Set-up process. 

The network then sends back to the UE a packet infor 
mation 73 on the BCH or on a fast signalling channel, for 
indicating the DPCCH and DPDCH to be used by the UE. 

At 74, the UE then determines the TFC for transmission 
at SF, and transmits on the dedicated channel, as shown 
in 75 and 76. 
When the networks receives the first frame at SF. t S 

shown in 77, it computes the new SF, which is sent to the 
UE at 78. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
After T has elapsed, the UE updates its transmission 

rate according to the maximum broadcast transmission rate, 
See 79, and broadcasts the end of the packet accordingly, See 
80. Of course, the SF may change during transmission of 
the rest of the packet, and the transmission rate would be 
changed accordingly. 
The following figures have proved efficient in a Simula 

tion; values assume a noise level of -132 dBw. 

SFinit: 128 
Tinit: 5 frames 
Tour: 50 frames 

The System simulations carried out with these figures 
have shown that interference level is kept under a threshold 
of -96 dBm (6 dB above noise level), while allowing 
uncoordinated transmission for packet users. In the 
Simulation, there were 15 packet users, as in the Simulation 
for the first embodiment. 
The requirements for carrying out the process of the 

Second embodiment are similar the ones for carrying out the 
process of the first embodiment. The advantages are also 
Similar. AS compared to the first embodiment, the Second 
embodiment makes it possible to Start transmitting 
immediately-even if it is with a reduced transmission rate. 
In addition, it is not necessary in the Second embodiment to 
broadcast the transmission rate information at every frame, 
but Simply when a user is detected. 

It is clear to the person skilled in the art that the preferred 
embodiments disclosed above may be changed. For 
instance, the transmission rate need not be broadcast at every 
frame; it could be sent to the UES every Second frame, or at 
a lesser interval, according to the expected behaviour of the 
UES. 
The invention preferably applies to packet Service, where 

the Source of traffic is bursty; it may also apply to other types 
of services, where traffic is not fully foreseeable. 

In the preferred embodiments, only one class of UEs is 
defined. In this respect, the network only broadcasts one 
transmission rate. It is also possible to define Several classes 
of UES, and to allow different transmission rates for the 
different classes of UES. One Solution is to broadcast the 
transmission rate for each class of UES, another Solution is 
to broadcast a transmission rate, and to allow the UES to 
compute their own transmission rate based on the broadcast 
transmission rate, according to their class. 

It is also clear that in the first embodiment, the probability 
p, could be changed into 1-p, in which case transmission 
would only occur when the random number is higher than 
the probability. This case is intended to be covered in the 
wording “the random number is lower than the broadcast 
probability”. 

In the second embodiment, when the number of user is 
limited, it may not be necessary to change the maximum 
transmission rate. In this case, it may be possible not to 
broadcast this transmission rate. Like the SF, the initial 
transmission rate SF and the corresponding duration T 
could be user-class dependent. 
What is claimed is: 
1. A proceSS for Sharing radio resources between user 

equipments on an uplink of a packet Service wireleSS com 
munication System, comprising: 

in the network, computing a maximum transmission rate 
(SF) for user equipments, and broadcasting this 
maximum transmission rate to user equipments, 

in a user equipment, transmitting with a transmission rate 
lower than the last received broadcast maximum trans 
mission rate. 

init 
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2. The process of claim 1, wherein the maximum trans 
mission rate is broadcast every frame. 

3. The process of claim 1, wherein the maximum trans 
mission rate is identical for all user equipments. 

4. The process of claim 1, wherein the maximum trans 
mission rate is class dependent. 

5. The process of claim 1, further comprising: 
in the network, computing a probability (p) for user 

equipments, and broadcasting this probability to user 
equipments, 

in a user equipment, transmitting only if a random value 
(p) is lower than the last received broadcast probability 
(p.). 

6. The process of claim 1, further comprising: 
in the network, computer a probability (p) for user 

equipments, and broadcasting this probability to user 
equipments, 

in a user equipment, if a requested transmission rate is 
lower than the broadcast transmission rate, computing 
a user probability (p) higher than a last received 
broadcast probability (p), as a function of the last 
received broadcast probability (p.), the last received 
broadcast maximum transmission rate (SF), and the 
transmission rate required by the user equipment, and 
transmitting only if a random value (p) is lower than the 
last computed user probability (p). 

7. The process of claim 5, wherein the probability is 
broadcast every frame. 

8. The process of claim 5, wherein the probability is 
identical for all user equipments. 

9. The process of claim 5, wherein the probability is class 
dependent. 

10. The process of claim 5 wherein the step of transmit 
ting is carried out for a validity time period (Tim) after 
it is determined that the random value (p) is lower than the 
last received broadcast probability (p). 

11. The process of claim 5, wherein a user equipment is 
not allowed to transmit for a retry time period (T) after 
it is determined that the random value (p) is not lower than 
the last received broadcast probability (p). 
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12. The process of claim 1 wherein the step of transmit 

ting is started at a first transmission rate (SF) for a time 
period (T), and is continued at a second transmission rate 
(SF) after the lapse of Said time period (T). 

13. The process of claim 12, wherein the maximum 
transmission rate is broadcast to user equipments transmit 
ting at Said first transmission rate. 

14. The process of claim 12, wherein the maximum 
transmission rate is broadcast only when it is computed 

CW. 

15. A wireleSS communication System carrying out a 
process for Sharing radio resources user equipments on an 
uplink of a packet Service wireleSS communication System, 
Said process comprising: 

in the network, computing a maximum transmission rate 
(SF) for user equipments, and broadcasting this 
maximum transmission rate to user equipments, 

in a user equipment, transmitting with a transmission rate 
lower than the last received broadcast maximum trans 
mission rate. 

16. A user equipment comprising means for transmitting 
with a transmission rate lower than a last received broadcast 
maximum transmission rate, wherein the last received 
broadcast maximum transmission rate was received from 
and computed by a network. 

17. A network equipment comprising: 
means for computing a maximum transmission rate for at 

least one user equipment, and 
means for broadcasting the maximum transmission rate to 

Said at least one user equipment. 
18. The network equipment according to claim 17, 

wherein the maximum transmission rate is broadcast every 
frame. 

19. The network equipment according to claim 17, 
wherein the maximum transmission rate is identical for all 
user equipment. 

20. The network equipment according to claim 17, 
wherein the maximum transmission rate is class dependent. 

k k k k k 


